An extended and variable period of anovulation and anestrus occurs in suckled beef cows following parturition. This imposes both biological and economic constraints on the efficiency of beef production. A large body of knowledge has linked these phenomena to an attenuation of neuroendocrine signals that subserve gonadal function. During late gestation, high concentrations of placental estrogen inhibit the synthesis of LH, and pituitary stores of LH are depleted at parturition. Maximum pituitary stores of LH, releasable pools of LH and the ability of hypothalamic centers to respond to positive feedback effects of estradiol occur within 3 to 4 wk after calving in suckled cows. However, the requisite pattern of pulsatile LH secretion, which accompanies similar changes in nonsuckled cows within 2 to 3 wk after calving, occurs in only 30 to 50% of suckled animals. The period of acyclicity that continues in the remainder is exacerbated by poor body condition and may persist in some females for periods exceeding 100 d. Utilizing data from the cow, as well as other species, a model for suckling-induced inhibition of pulsatile LH release is proposed. The biological and economic impact of current and future techniques for controlling suckling-induced anestrus also is considered, including a conceptual analysis of nonbiological limitations.
Introduction
Evolution has produced a multitude of adaptations for ensuring reproductive success in mammalian species. These adaptations include strategies for responding to a variety of externally derived cues, including photoperiod, food availability, ambient temperature, behavioral interaction and tactile stimulation (Greulich, 1934; Goodman, 1988; Numan, 1988; McNeilly, 1988; Vandenbergh, 1988) . Depend-ing on the species studied, regulatory influences involving physical contact between animals can include both male-to-female and offspring-todam interactions and may relay either positive or negative signals to neuroendocrine centers that drive gonadal function.
Suckling is one exteroceptive stimulus that plays a major role in governing reproductive cycles in female mammals (Short, 1976; Lamming, 1978; Edgerton, 1980; McNeilly, 1988) . Its chronic presence during lactation has important biological and economic implications in a variety of species including swine, cattle, certain breeds of sheep, the laboratory rat and the human female. Biological effects in farm species range from a near total blockade of ovulation in the domestic sow to little or no impact in the seasonally breeding ewe, whose primary external cues for reproduction are derived from changes in photoperiod (Ham- mond, 1944; Kenneway et aJ., 1987; Foster, 1988; Goodman, 1988) . Although the beef cow holds an intermedate position within this 83 1 ranking, because of its economic importance it has commanded extraordinary attention as a model for studying postpartum anestrus in general and suckling-induced anestrus in particular (Edgerton, 1980; Wettemann, 1980 Federal Register, 1987 .
This review will consider suckling-induced anestrus and procedures devised to obviate its effects from an interdisciplinary perspective.
Biological emphasis will be restricted to cattle, but conceptual emphasis will include prospects for and limitations to technological application, managemental change and economic impact.
The Suckled Beef Cow: National and Global Perspectives
According to the USDA (1988) , there are approximately 36 million beef females of breeding age in the U.S. These animals are maintained under a variety of management and environmental conditions and wean an annual percent calf crop estimated at 70 to 75% (USDA. 1986 (USDA. , 1987 (USDA. . 1988 . If it is assumed that a 95% calf crop is a reasonable biological goal, then at least 20% of this potential, or 7.2 million calves, are lost annually. This production loss, based conservatively on a 182-kg weaning weight, equals 1.3 billion kg, or approximately 676 million kg of retail carcass yield. Viewed from the perspective of efficiency rather than total production, cattle producers have the potential of producing the same number of kilograms of beef from 20% fewer cows. Recently this observation was translated into an impact statement for Texas, a state in which over 5.2 million beef cows are located. Approximately 70% of these cows wean a calf each year. Therefore, an increase in production efficiency of the magnitude suggested above would represent a reduction in cost of about $52 per calf raised (Eddleman and Williams, unpublished data).
Although the above examples are not directly applicable worldwide, it is obvious that the biological and economic potential for enhancing reproductive efficiency in cattle is large. This is underscored when one considers that the ruminant livestock base for world food production from cattle and buffalo alone consists of between 1 .O and 1.5 billion animals (Campbell and h l e y , 1975; Walker and Rotar, 1983) .
Estrous Cyclicity and the Postpartum Period
Long intervals from calving to first estrus are a major factor contributing to low reproductive efficiency (Casida, 1971; Edgerton, 1980) . This concept has been established for at least 20 yr and has attracted extensive research attention. After embryo mortality and postnatal losses are considered, failure of 15 to 20% of the nation's cow herd to wean a calf annually is due primarily to cows that fail to rebreed within 85 d after calving. Furthermore, cows that conceive late in the breeding season produce substantially smaller calves at weaning. Cows that calve late the first time initiate a pattern that eventually will prohibit rebreeding in a subsequent year. (Burris and Priode. 1958; Wiltbank, 1970 Burrell, 1972 Lesmeister et al., 1973) .
Suppression of cyclic ovarian activity during the early postpartum period is characteristic of the suckled beef cow. Both dietary energy restriction (Dum and Kaltenbach. 1980) and poor body condition (Rutter and Randel, 1984) exacerbate this effect. Mean intervals from parturition to first ovulation in suckled cows range from 50 to 100 d (Casida, 1971; Oxenreider and Wagner, 1971; Foote, 1974; Williams and Ray, 1980a; King and Macled, 1982; Wettemann et al., 1986 . Intervals to first estrus average 65 to 104 d (Graves et al., 1968; Wiltbank, 1970; Casida, 1971) , and factors that contribute to this variability include breed, environment, disease and nutritional status.
During the last decade a sizeable body of knowledge has linked postpartum anovulation in cattle to changes in neuroendocrine function, including modifications associated with the pituitary gland, hypothalamus and higher brain centers. Two recent reviews have summarized a portion of these data as they pertain to cattle (Nett, 1987; McNeilly, 1988) . However, changes in management and technology designed to enhance postpartum reproductive efficiency have lagged behind gains in fundamental biology. No increase in the annual percentage of breeding females weaning a calf in the U.S. has occurred over the last 15 yr (USDA, 1973 (USDA, , 1988 despite extensive research.
Suckling and Neuroendocrine Control of Anestrus
An intermittent or discontinuous hypophysiotropic signal appears to be required for .Characteridcs of GnRH-induced LH release were measured in vivo unless otherwise indicated.
bND=nodata.
establishment and maintenance of ovarian cycles in female animals. The concept originally was derived from studies in the monkey (Dierschke et al.. 1970; Knobil, 1981) . and direct support for the theory has been provided in monkeys ( Pohl et al., 1983) as well as in humans (Skarin et al., 1983) . Indirect evidence suggests that pulsatile release of LH is requisite for normal cyclicity in cows (Rahe et al., 1980) . sheep (Goodman and Karsch, 1980) and other species. Beginning with the intermittent delivery of GnRH into the pituitary portal system (Sarkar and Fink, 1979; Levine et al., 1982) . a critical interplay between the hypothalamus, adenohypophysis and gonads occurs. Delivery of LH to the ovary, production of androgen by thecal cells and aromatization of androgen to estradiol by granulosa cells sets the stage for events leading to a surge release of LH and ovulation (Hauger et al., 1977) . Dynamic negative (progesterone and estradiol) and positive (estradiol) feedback mechanisms control both the pattern and timing of tonic and cyclic gonadotropin release at the hypothalamo-hypophyseal level in domestic mammals (Goodman and Karsch, 1980 Rahe et al., 1980) . Pregnancy interrupts this cyclic interplay. Secretion of large quantities of placental steroids, particularly estradiol, may deplete pituitary stores of LH toward the end of pregnancy (Moss et al., 1981) . However, following parturition, the restoration of pituitary LH stores occurs relatively quickly in beef cows (Moss et al., 1985; Nett et al., 1988) . This increase is paralleled by concomitant increases in releasable pools of LH (Williams et al., 1982; Moss et al., 1985) . which appear to peak between 2 and 4 wk after calving (Table 1) . Nevertheless, extended periods of acyclicity often follow. Lactational Stress vs Suckling. In an attempt to separate the effects of lactational energy demands, presence of mammary tissue and suckling, Short et al. (1972) compared postpartum intervals of suckled, nonsuckled and nonsuckled mastectomized vows. The suckled cows in their experiment had a postpartum interval to first estrus of 65 d, vs 25 d and 12 d for the nonsuckled and nonsuckled mastectomized cows, respectively. By adjusting nutrient intake to maintain constant BW among groups, these authors concluded that both suckling and the presence of mammary tissue without suckling can delay postpartum estrus independent of lactational energy demands. Wettemann et al. (1978) provided data from range cows that support this concept.
Nursing frequency, intensity or duration have been considered to be the primary determinants of the length of postpartum anestrus. Clearly, exaggerated suckling stimuli lengthen the postpartum interval in most mammals (Wettemann et al., 1978 , McNeilly, 1988 . However, in two studies, variation in suckling frequency by single calves was unrelated to rebreeding activity in the dam (Williams et al., 1984b; Day et al., 1987) . These studies included cows whose calves nursed from 2 to 23 times daily for the first 6 'ND = no data.
durations.
wk of life. As discussed later, oncedaily, but not twice-daily, suckling consistently reduced the interval from calving to first estrus. Therefore, it appears that only two to three suckles per day are required to delay the occurrence of the first postpartum estrus in cows.
Effects of Suckling on Pituitary Conrent and Release of Gonudotropins
Immunoactive LH. The most notable endocrine feature associated with anestrus is a marked suppression of pulsatile LH release (Carruthers and Hafs, 1980; Lamming et al., 1981; Peters et al., 1981; Walters et al., 1982; Humphrey et al., 1983; Williams et al., 1983) . This implies that suckling either interferes with the release of GnRH from the hypothalamus and(or) that the pituitary gland is unable to respond appropriately to GnRH stimulation. The pituitary gland of the postpartum beef cow appears to regain adequate, although not maximal, pituitary LH stores within the first 2 wk postpartum (Nett et al., 1988) and can release normal amounts of LH in response to GnRH challenge (Williams et al., 1982) . In our studies, pituitary responsiveness to GnRH did not differ between suckled and nonsuckled cows from d 3 to 20 postpartum (Figure 1) . Furthermore, by d 30, suckled cows released greater amounts of LH and FSH. This agrees with observations by Webb et al. (1977) in cows and by Moss et al. (1980) in sheep.
However, these results conflict with those from acute weaning studies in long-term anestrous cows (Troxel et al., 1980; Smith et al., 1983) and with in vitro experiments involving pituitary explants (Carruthers et al., 1980; Walters et al., 1982) . Several factors may be responsible for these discrepancies. In our study, calves were weaned at birth and nonsuckled cows resumed ovarian cyclicity by d 10 to 14 postpartum (Williams et al., 1982) . This phenomenon occurs coincidently with a transient increase in pulsatile LH release between d 7 and 14 after calving (Carruthers and Hafs, 1980; Williams et al., 1983) . Thus, by d 20 after calving, nonsuckled cows had begun to release both tonic and phasic bursts of gonadotropin, whereas most suckled cows had not. With a continued increase in pituitary LH storage, GnRH treatment on d 20 to 30 resulted in more LH being released by suckled than by nonsuckled cows (Figure 1 ). This weaning model cannot be equated to one in which long-term anestrous cows are acutely weaned (Troxel et al., 1980; Walters et al., 1982; Smith et al., 1983) . The latter scenario initiates an abrupt change in hypothalamohypophyseal function, leading to increased release of LH from abundant pituitary gland stores. This promotes development of follicles and increased estrogen secretion, which in turn leads to enhanced responsiveness of the pituitary gland to GnRH and eventually to a surge release of LH (Table 2) .
Bioactive L.H. The biological quality of secreted LH increases between parturition and d 12 postpartum in dairy cows and also may contribute to the transition from anestrus to estrus (Weesner et al., 1987) . Paradoxically, the biological/immunological ratio does not change in pituitary homogenates of cows at various times after calving (Moss et al., 1988 Nett et al., 1988) .
Discrepancies appear concerning the effects of suckling on FSH secretion and may depend on differences in the assay systems employed. Several workers have observed no pulsatility in FSH secretion and no effect of suckling on mean concentrations during the postpartum period (Dobson, 1978; Walters et al., 1984b) suppressed by suckling (Williams et al., 1983) and enhanced by acute weaning (Walters et al., 1982) .
Moreover, releasable pools of FSH were greater in suckled than in nonsuckled cows on d 10 and 30 postpartum (Williams et al., 1982;  Figure 1 ). This latter effect was attributed to differences in pretreatment concentrations of estradiol between suckled and nonsuckled Bioactive FSH. Recently, we have begun to study the nature of secretion of bioactive FSH in cattle during various physiological conditions, including suckling-induced anesms (Atterberry et al., 1988) . A sensitive rat granulosa cell bioassay (Jia and Hsueh, 1985) was employed to assess changes in biopotency of serum FSH in response to acute weaning. Preliminary results indicate that concentrations of biologically active FSH do not change acutely in response to weaning (Figure 2) , although changes do occur at estrus and in response to GnRH stimulation (Atterberry et al., 1988) . Further work is required to determine whether bioactive FSH is released in a pulsatile manner and whether it is affected by cows.
long-term removal of the suckling calf. However, tonic FSH release clearly is pulsatile in other species, including hamsters , rats (Culler and Negro-Vilar, 1987) and monkeys (Knobil and Hotchkiss, 1988) .
The phenomenon of FSH microheterogeneity (Ulloa-Aguirre et al., 1984) , which is a function of the degree of glycosylation of the FSH molecule, leads to disparate patterns of immunoactive and biologically active FSH release. The physiological importance of this heterogeneity is unclear at this time, but it may help explain why such divergent patterns of FSH release have been observed by different laboratories using different assays.
Hypophysiofrophic Signals. Although not specifically tested relative to suckling, factors that modulate the frequency of LH pulses may do so by impinging on the LH pulse generator (Knobil. 1981 ). This neuronal network, which in monkeys and laboratory animals resides within the arcuate nucleus of the medial-basal hypothalamus, acts as a neural oscillator. Multiunit recordings of electrical activity in the arcuate nucleus reveals a striking concordance between increases in electrical activity and LH pulses in the peripheral circulation. Moreover, other workers have measured the release of GnRH into the portal circulation or third ventricle of sheep (Clarke and Cummins, 1982;  Levine et al., 1982) and have shown that each LH pulse results from a discharge of hypothalamic GnRH. Taken collectively, these data support a close association between electrical activity of discrete neurons, hypothalamic GnRH discharges and LH release. These changes in the pattern of GnRH release are not related to concentration of GnRH in the hypothalamus. Nett et al. (1988) studied the content of GnRH in different hypothalamic regions of cows after calving. Gonadotropinreleasing hormone content did not change during the postpartum period, but pituitary receptors for both GnRH and estradiol increased within 15 d postpartum.
Classical and Peptidergic Neurotransmitters. Several neurotransmitters have been implicated as mediators of suckling effects within the hypothalamus of rats. These include serotonin, dopamine and the endogenous opioid peptides, all of which have reciprocal effects on secretion of prolactin and LH (Gallo, 1984;  Sirinathsinghji and Martini, 1984; Ben-Jonathan, 1985) . Studies concerning the role of classical neurotransmitters in the control of tonic LH release in ruminants are limited. However, catecholamines may play a role in mediating the inhibitory effects of gonadal steroids on gonadotropin secretion (Dailey et al., 1987) . Recently naloxone, an opioid antagonist, was found to increase LH secretion in suckled anestrous cows (Whisnant et al.. 1986a,b) . Moreover, concentrations of endogenous opioid peptides in neural tissue are affected by suckling and are related to GnRH synthesis/release (Malven et al., 1986) . Endogenous opioids may play an integral role in postpartum anestrus.
Role of Prolactin. During the early 1970s worldwide attention was focused on prolactin as a potential antigonadotropic agent mediating postpartum acyclicity in a variety of species, including humans. Suppression of prolactin release by a dopamine agonist, ergocryptine (CB-154), blocked lactation and established early postpartum ovulatory cycles in the human female (Varga et al., 1972; Rolland et al., 1975; Villalobos et al., 1976) . Williams and Ray (1980a) blocked prolactin release in early postpartum cows with CB-154 but were unable to affect gonadotropin concentrations or postpartum intervals by this treatment alone ( Figure 3 , Table 3 ). Other treatments involving sequential injections of progesterone and estradiol induced ovarian cycles and earlier conception, but CB-154 did not potentiate these effects (Figure 4 ; Table 3 ). As a corollary, Forrest et al. (1980a) infused prolactin into ovariectomized heifers and failed to alter the pattern or level of pulsatile LH release. Thus, whereas a reciprocal relationship exists between prolactin and LH secretion in suckled females from a variety of species, it is the suckling stimulus itself that suppresses gonadotropin secretion, rather than high prolactin concentrations associated with suckling (Lu et al., 1976; Sirinathsinghji and Martini 1984; Ben-Jonathan, 1985) .
Temporal Effects of Suckling and Role of Ovarian Steroids
Temporal effects of suckling and their mediation by ovarian steroids have been explored in many studies. However, the temporal effects of suckling on pulsatile LH release may differ among species. For example, in the female rat, suckling causes an acute increase in prolactin and oxytocin release and a reduction in LH (Isherwood and Cross, 1980; Sirinathsinghji and Martini, 1984) . Similar patterns of oxytocin and prolactin release are Seen in cattle (Karg and Schams, 1974) . but the subject of acute suckling effects on LH secretion is conflicting. Both Forrest et al. (1980b) and Dunlap et al. (1981) observed a transient decline in mean peripheral LH concentrations during the 1st h after suckling, but such an immediate effect (within a few minutes or hours) of suckling on the pulsatile pattern of LH release has not been observed by others (Convey et al., 1983; Williams et al., 1984b; Garcia-Winder et al., 1986 ). We also have tested the effects of chronic manual teat stimulation on pulsatile LH release in ovariectomized, nonlactating cows and, within a 24-h period, failed to alter the castrate pattern normally observed even though the typical release pattern of prolactin and cortisol was observed (Williams et al., 1984a) . More recently, the time course required for sucklinginduced suppression of LH pulses to occur was studied in intact, acutely weaned, anestrous cows (Shively and Williams, 1987) . The rise in LH pulse frequency that accompanied acute, temporary weaning at 3 wk postpartum reached a plateau at 96 h, then declined (at least temporarily) to a frequency similar to that seen prior to weaning. This curvilinear trend can be hastened by returning calves within 24 to 48 h. Moreover, some cows more sensitive to calf return and to suckling than were others. Up to 6 d of temporary weaning were required to ensure ovulation in all cows in good body condition (Table 4) . If calves are permanently weaned at birth, postpartum intervals are markedly reduced relative to suckled counterparts (Table 5 ). The most ovemding symptom of anestrus in suckled beef cows is chronic suppression of LH release, which prolongs the inhibited pattern found immediately after calving due to chronic effects of gestational steroids (Moss et al., 1981) . Indeed, even after these steroids have been cleared from the circulation, the presence of ovarian factors (primarily estradiol) plays a major role in the ability of suckling to negatively influence gonadotropin release (Acosta et al., 1983; Garcia-Winder et al., 1984; Hinshelwood et al., 1985; Chang and Reeves, 1987) . This may occur as a result of increased sensitivity to the negative feedback effects of estradiol, as well as to a relative inability to respond to positive estradiol feedback within the first 3 wk postpartum (Short et al., 1979) . Progesterone also may modulate hypothalamic-pimitary function early in the postpartum period. Lowlevel increases (.5 to .7 ng/ml) in plasma progesterone concentrations potentiate a rise in the frequency of immunoactive LH and FSH pulses following weaning of beef cows at birth ( Table 6 ; Williams et al., 1983) . Therefore, the formation of transitional luteal structures, which characteristically are associated with small and abbreviated increases in plasma progesterone (Garverick and Smith, 1986) , may organize the hypothalamo-hypophysalovarian axis during transition from anestrus to normal cyclicity.
Exteroceptive Components of the Suckling Effect
Neural connections from the mammary gland have been implicated as primary relays for signals that originate with the calf and that theoretically suppress function of the LH pulse generator (Short et al., 1972; Williams et al., 1987a) . However, until recently, little effort has been made to define the time course of events leading to diminished gonadotropin release or the specific sensory cues required to produce it. Our approach to this question has been based on the hypothesis that the teat of the cow (and possibly of all mammals) contains somatosensory pathways capable of modulating hypothalamo-hypophyseal function via neural input to the hypothalamus or higher brain centers. Perhaps these putative receptors distinguish between the somatosensory input of suckling vs that of manual milk removal. In turn, only the suckling offspring could elicit a response capable of impinging fully on neural centers controlling gonadotropin secretion.
We initially reasoned that if the suckling process evokes a specific response from the central nervous system that alters the control of tonic LH release, than an artificial stimulus such as hand milking should elicit a similar response. We further reasoned that this should not be dependent on lactation. However, both of these hypotheses proved false, at least within a 24-h period (Williams et al., 1987a) . We also examined the ability of various calf- Williams et al. (1983) . b~c~d%leaos in the same row with different superscripts differ (P < .OS) '*ghIeans io the same row with different superscripts differ (P < 0 3 ) . the suckled group exhibited the typical weaning response with regard to tonic LH secretion ( Figure 6 ). Mean concentrations of LH were increased and an increase in luteal activity was observed in all but the suckled group. However, behavioral estrus was not uniformly associated with these apparent ovulations. Results of these studies confirm a requirement for specific somatosensory input from the suckling calf in order to inhibit gonadotropin release. Further studies revealed that the somatosensory effects of suckling apparently cannot be blocked by placing a latex "mask" over the teats and udder of the cow (McVey and Williams, 1988a) . In the latter study, the chronic presence of the mask and its manipulation by the calf actually may have potentiated the effects of suckling.
Hypothetical Model for Suckling-Induced Anestrus
Four sources of nerves supply the bovine mammary gland (St. Clair, 1942) . The inguinal nerve, consisting of the venfral branches of the second, third and fourth lumbar nerves, serves as the primary innervation for the mammary gland and teats (Figure 7) . The ventral branch of the first lumbar nerve, as well as a secondary branch of the second lumbar nerve, innervates the gland and skin of the forequarter. The perineal nerve is a small branch from the pudic nerve which passes over the ischial arch to descend in the perineum to supply the skin of the posterior part of the udder. Sensory stimulation of the teat by suckling, or other exaggerated stimuli, may evoke qualitatively distinct reflexes via the spino-cervical tract. If this hypothesis is correct, neural pathways that control the milk ejection reflex must be different from those that suppress gonadotropin secretion. (See Wakerley et al., 1988 for a detailed review of the neural pathways involved in posterior pituitary re1ea.e of oxytocin.) These ascending arcs must relay their message by causing release of specific neurotransmitters within a currently undefined hierarchy of neurons that eventually modulate hypothalamic function. The chronic presence of this stimulus may increase the sensitivity of hypothalamic neurons, such as those involving the opioid peptides, to estradiol negative feedback. This in turn would potentiate opioid or adrenergic tone and decrease spontaneous firing of the pulse generator (Kalra and Kalra, 1983) . In this hypothetical model, multiunit (Figure 8) .
of the breeding season in cows whose calves
Manipulation of the Suckling Stimulus for Reproductive Advantage
It is economically important for livestock producers to maintain a 12-1110 calving interval in a beef-herd. Under practical conditions, this goal often is not achieved. Many different management regimens, some of which are still experimental, have been tested to address this problem. Most methods are not routinely employed by livestock managers (Ladewig, 1986 ; Texas Agric. Ext. Serv., unpublished data).
Early Weaning. Smith and Vincent (1972) ranged in age from 34 to 76 d. Weaning increased the overall conception rate in 2-yr-olds by 26%. in 3-yr-olds by 16% and in Cyr-olds by 8%. Bellows et al. (1974) found that early weaning of calves decreased the postpartum interval in cows producing either multiple or single calves. Weaning of calves at 70 or 80 d of age in primiparous range heifers during drought conditions resulted in normal reproduction (Ray et al., 1973) , compared with controls whose reproductive rate was severely reduced. Early weaning can be a valuable tool, but the economics favor its use only under adverse conditions due to the high cost and intensive labor associated with early-weaned calves.
Temporary Weaning or Restricted Suckling. Allowing calves to suckle their dams only once per day for 30 to 60 min increased conception rates in three studies and decreased the interval to first postpartum estrus in two studies when partial weaning was extended beyond 10 d (Baud and Cummins. 1977; Randel, 1981; Reeves and Gaskins 1981; Stuedemann et al.,1981; Montgomery, 1982) . Limiting suckling to twice daily has yielded inconsistent effects on postpartum intervals (Montgomery. 1982; Bastidas et al., 1984) . In most studies, early weaning (Bellows et al., 1974; Lusby et al., 1981; Neville and McCormick, 1981) , 48-h calf removal (Hearnshaw, 1978; Beck et al., 1979) or once daily suckling (Randel, 1981; Reeves and Gaskins, 1981) did not reduce long-term growth rates or weaning weights of calves. In other studies, normally suckling calves had higher neonatal growth rates or adjusted 205-d weights than calves suckling only once daily (Stuedemann et al., 1981; Montgomery, 1982) . This may have occurred because limited suckling was employed for a longer period of time (45 d (Smith et al., 1979; Troxel et al., 1980; Williams and Ray, 1980b; Williams et al., 1980; Smith et al., 1983; Walters et al., 1984a) . In general, combining temporary calf removal with SMB or GnRH will induce ovulation in postpartum cows in good body condition. However, all these treatments are ineffective for cows in poor body condition. Cows either do not ovulate or do not continue to cycle after the first ovulation. In this case, permanent weaning and(or) high levels of supplemental feed for an extended period of time are required. Variability of these systems due to environment, forage conditions, breedtype and management conditions have not been quantified. Anderson et al. (1986) suggest that the so-called "O'Conner" management system is biologically and economically beneficial. This system utilizes a 60-d calving season, cows in moderate body condition at calving, calf removal for 48 h at the start of breeding, cows gaining weight near breeding time and cows bred to bulls predicted to have high fertility. Beneficial effects relative to controls were an improvement in conception rate, greater weaned calf crop and heavier weaning weights. The system produced $39.00 more return per cow unit relative to controls. However, the specific contribution of each component and their interactions were not specified.
Productive and Economic End-Points.
Quantitative and well-controlled studies to describe the economic feasibility of management employing temporary calf removal are limited. A series of studies were conducted to characterize the productive characteristics of cows in which SMB synchronization, 48-h calf removal and timed AI or natural service (NS) were employed (Williams et al., 1987b Williams, 1988 . Comparisons were made to controls in which 48-h calf removal was employed without SMB. By design, the degree of estrous cyclicity in the herd at the time of treatment was not considered because managers usually do not have such information. Instead, criteria for eligibility were established that required cows to be a minimum number of days after calving (36 d) and in moderate to excellent body condition (4.5 to 7 on a 1 to 9 condition score scale).
Based on serum progesterone concentrations, only 49% of these cows had luteal activity prior to treatment. However, treatments employing SMB + 48-h-timed AI were favorable (Table 7) , increasing the cumulative number of pregnant cows by d 30 of the breeding season, decreasing the average birthday of calves by 5 d and providing an estimated 19% return on investment relative to the net present value of the 5-yr benefit (Williams et al., 1987b) . Cows in the SMB + CR + NS group were not benefited relative to controls (CR only) because of failure of bulls to service all synchronized cows in estrus (Williams, 1988 is higher than the single study reported above (Williams et al., 1987b) . However, conception within replicate over the 4-yr period has ranged from 30% to 65%. This inherent variability, not the average, poses the highest economic risk to the livestock producer, even under tightly controlled and favorable conditions. All of the factors that contribute to this variability are not known. Finally, temporary calf removal for 48 h is of questionable utility for inducing cyclic activity in a high percentage of anestrous cows unless a progestogentype agent such as SMB also is used (Shively and Williams, 1987; Williams et al., 1987a,b ; Table 4 ). Similarly, poor fertility to both timed insemination and insemination at estrus results if SMB treatment is employed in suckled cows without 48-h calf removal, regardless of the degree of cyclicity within the herd (Smith et al., 1979; McVey and Williams, 1988b) .
Enhancing Efficiency of the Suckled Cow: Current Trends and Future Prospects

Fundamental Biology
Basic research into mechanisms that subserve suckling-induced anestrus are likely to continue. These studies will expand our knowledge regarding neuroendocrine control mechanisms, pharmacological intervention and, perhaps, genetic regulation of hypothalamic and hypophyseal hormone synthesis. However, additional research regarding the interaction of metabolic status, body condition and suckling on both neuroendocrine and ovarian physiology is needed. This is because the effects of suckling and nutritional status seldom act independently; instead, they interact to yield varying degrees of suckling and numtionally induced anestrus. Moreover, these two factors contribute the most to variability in biological and economic efficiency of the postpartum
The quest for production of transgenic animals in animal agriculture also will undoubtedly continue. Variation in the existing cow. (Knobil, 1981; Knobil and Hotchkiss, 1988) . Responses of the LH pulse generator to many experimental conditions could be monitored without the need to measure peripheral LH or GnRH concenirations in the hypophyseal portal system.
Technology Development and Transfer
The sale of cattle and calves is the leading source of cash receipts for agricultural producers in the U.S. (USDA, 1987) , accounting for 20% of all farm receipts. However, technology has not influenced beef cattle production to the degree that is has affected other agricultural commodities (Ladewig, 1986) . Large and technically complex production systems do not predominate in the beef cattle industry. Of all farmers and ranchers reporting beef cows in 1982, 83% had herds of fewer than 50 cows. Moreover, 70% of all beef cows are owned by producers having less than 200 head, and 60% of these producers have principal occupations other than farming (Ladewig, 1986) . Table 8 shows the degree of adoption of reproductive management technology in Texas. These data demonstrate that less than 25% of all producers surveyed incorporated any of the basic principles that scientists have recommended to maximize reproductive efficiency and profitability in the cow herd.
In an earlier example it was noted that development and adoption of selected technology by ranchers could decrease the average cost of production by about $52.00/calf in Texas (Eddleman and Williams, unpublished data). However, this assumes 100% adoption of established techniques. Based on current Fleigel and van Es, 1983; Ladewig. 1986 ).
Implications
The intent of this review was to discuss the role of postpartum rebreeding in cattle using a rather broad, if not unorthodox, approach. This approach was taken in an attempt to help bridge the seemingly ever-widening communication gap that exists between basic and production-oriented scientists. Suckling-induced anestrus is a natural adaptation-a solution to environmental limitation. Only when viewed from the perspective of production agriculture is it defined as a problem. Solutions to this problem require a fuller appreciation of both biological and nonbiological limitations.
